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(57) ABSTRACT

A charged particle beam writing apparatus according to an
embodiment includes: a beam emitter configured to emit a
charged particle beam; an aperture having an opening por-
tion through which the charged particle beam emitted by the
beam emitter passes; an aperture beam tube being provided
on a surface of the aperture and functioning as a thermally
conductive member having thermal conductivity; and a
heater provided on a surface of the aperture beam tube and
configured to supply heat to the aperture via the aperture
beam tube.
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1
CHARGED PARTICLE BEAM WRITING
APPARATUS, APERTURE UNIT, AND
CHARGED PARTICLE BEAM WRITING
METHOD

CROSS-REFERENCE TO THE RELATED
APPLICATION

This application is based on and claims the benefit of
priority from Japanese Patent Application No. 2013-048756,
filed on Mar. 12, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a
charged particle beam writing apparatus, an aperture unit,
and a charged particle beam writing method.

BACKGROUND

With an increase in the density and capacity of large-scale
integrated circuits (L.SIs) in recent years, semiconductor
devices are required to have an even thinner circuit line
width. A lithographic technique is used to form a desired
pattern on a semiconductor device. In the lithographic
technique, pattern transfer which uses an original pattern
called a mask (or reticle) is performed. The manufacturing
of a high-precision mask used for this pattern transfer uses
a charged particle beam writing apparatus with excellent
resolution.

This charged particle beam writing apparatus typically
uses apertures (shaping apertures) to shape a charged par-
ticle beam. To be more specific, a circuit pattern to be
transferred onto a wafer is decomposed into multiple basic
figures, and multiple apertures are used to shape a charged
particle beam into the same shape and size as each basic
figure. Then, the charged particle beam thus shaped is
applied to a resist to write a pattern.

A variable shaped beam (VSB) method is one of the
methods for shaping the charged particle beam. In this
method, rectangular, triangular, and trapezoid patterns are
inputted as the basic figures, and a charged particle beam is
shaped into desired size and shape, such as a rectangle or a
triangle, by control of the overlap amount of two apertures
having opening portions through which the charged particle
beam passes.

Such a charged particle beam writing apparatus has a
contamination problem caused by carbon and the like exist-
ing in the atmosphere. The atmosphere inside the charged
particle beam writing apparatus is sometimes contaminated
by a component which is not supposed to exist there under
normal circumstances. For this reason, when the charged
particle beam writing apparatus is operated for a long time,
contaminants originating from the component described
above might be attached to the opening portion of each
aperture (to change the shape of the opening) and conse-
quently change the shape or size of the charged particle
beam. This change in the shape or size of the charged
particle beam results in a decrease in writing precision.

To overcome this contamination problem, the following
charged particle beam writing apparatus has been proposed.
Specifically, attachment of contaminants to the surface of the
aperture is measured by a film thickness measurement
device or an elemental analyzer. Then, when contaminants
in a predetermined amount or more are attached, the con-
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taminants are removed through heating with a heater or
etching with oxygen plasma or ion beams.

In other words, this charged particle beam writing appa-
ratus configured to measure the attachment of contaminants
to the surface of the aperture permits attachment of con-
taminants up to the predetermined amount. However, even
a small amount of contaminants attached to the opening
portion of the aperture during writing changes the shape or
size of the charged particle beam and thus decreases the
writing precision.

Moreover, since the temperature of the aperture needs to
be brought to a high temperature of several hundred degrees
(e.g., 200° C.) to prevent the contamination, a large amount
of current is passed to the heater during writing. If the
charged particle beam is deflected due to an influence of a
magnetic field produced by the heater in that state, the
writing position is shifted, which lowers the writing preci-
sion. For this reason, the influence of the magnetic field thus
produced needs to be diminished by reducing the current
passed to the heater during writing. However, reducing the
current in turn decreases the amount of heat produced by the
heater, and this makes it difficult to bring the temperature of
the aperture to the high temperature of several hundred
degrees.

In addition, if the heater (heating wire) is provided
directly on the surface of the aperture to bring the tempera-
ture of the aperture to the high temperature of several
hundred degrees, current flows through the aperture as well.
Then, if the charged particle beam is deflected due to an
influence of a magnetic field produced by the aperture, the
writing position is shifted, which lowers the writing preci-
sion, as similar to the above case.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the schematic configuration
of a charged particle beam writing apparatus according to an
embodiment.

FIG. 2 is a diagram illustrating shaping of a charged
particle beam according to the embodiment.

FIG. 3 is a plan view showing the schematic configuration
of an aperture unit according to the embodiment.

FIG. 4 is a sectional view taken along line A1-A1 shown
in FIG. 3.

FIG. 5 is a plan view showing a holder base according to
the embodiment.

FIG. 6 is a plan view showing a heater according to the
embodiment.

FIG. 7 is a flowchart showing a flow of a writing process
according to the embodiment.

DETAILED DESCRIPTION

According to one embodiment of the present invention, a
charged particle beam drawing apparatus includes: a beam
emitter configured to emit a charged particle beam; an
aperture having an opening portion through which the
charged particle beam emitted by the beam emitter passes;
a thermally conductive member provided on a surface of the
aperture and having thermal conductivity; and a heater
provided on a surface of the thermally conductive member
and configured to supply heat to the aperture via the ther-
mally conductive member.

According to another embodiment, an aperture unit
includes: an aperture having an opening portion through
which a charged particle beam passes; a thermally conduc-
tive member being provided on a surface of the aperture and
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having thermal conductivity; and a heater provided on a
surface of the thermally conductive member and configured
to supply heat to the aperture via the thermally conductive
member.

According to another embodiment, a charged particle
beam drawing method includes: supplying heat to an aper-
ture via a thermally conductive member having thermal
conductivity, the aperture having an opening portion through
which a charged particle beam passes; and applying a
charged particle beam to the opening portion of the aperture
being supplied with the heat.

An embodiment is described below with reference to the
drawings.

As shown in FIG. 1, a charged particle beam writing
apparatus 1 according to an embodiment includes a writing
unit 2 configured to perform writing by use of a charged
particle beam and a controller 3 configured to control the
writing unit 2. This charged particle beam writing apparatus
1 is an example of a variable shaped beam writing apparatus
using, for example, an electron beam as a charged particle
beam. Note that the charged particle beam is not limited to
the electron beam, but may be other charged particle beams
such as an ion beam.

The writing unit 2 has a writing chamber 24 accommo-
dating a sample W which is a writing target and an optical
lens barrel 26 communicating with the writing chamber 2a.
The optical lens barrel 25 is provided above the writing
chamber 2a and configured to shape and deflect an electron
beam and irradiate the sample W in the writing chamber
with the electron beam. During this, the writing chamber 2a
and the optical lens barrel 256 are both depressurized inside
to be in a vacuum.

A stage 11 for supporting the sample W is provided inside
the writing chamber 2a. This stage 11 is provided with a
motion capability to be able to move, on a horizontal plane,
in an X-axis direction and a Y-axis direction orthogonal to
each other (called simply an X direction and a Y direction
hereinbelow). The sample W such as a mask or a black, for
example, is placed on a placement surface of the stage 11.

Placed inside the optical lens barrel 26 are a beam emitter
21, such as an electron gun, configured to emit an electron
beam B, an illumination lens 22 configured to condense the
electron beam B, a first aperture 23 for beam shaping, a
projector lens 24 for projection, a shaping deflector 25 for
beam shaping, a second aperture 26 for beam shaping, an
objective 27 configured to focus the beam on the sample W,
and a secondary deflector 28 and a primary reflector 29
configured to control the shot position of the beam on the
sample W.

As shown in FIG. 2, the first aperture 23 has an opening
portion 23a which is, for example, rectangular. In addition,
the second aperture 26 has an opening portion 26a for
variable shaping configured to shape the electron beam B
having passed through the opening portion 23a into desired
shape (e.g., such as a rectangle or a triangle) and size.

In this writing unit 2, as shown in FIGS. 1 and 2, the
electron beam B is emitted from the beam emitter 21 and
applied to the first aperture 23 by the illumination lens 22.
Then, this electron beam B passes through the opening
portion 23a of the first aperture 23 and is projected on the
second aperture 26 by the projector lens 24. The projected
electron beam B further passes through the opening portion
26a of the second aperture 26, and thereby has its section
shaped into the desired shape and size. In this event, the
shaping deflector 25 can change the position of the projec-
tion described above, and the shape and size of the electron
beam B can be controlled by this change in the projection
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position. The electron beam B having passed through the
second aperture 26 is then focused on and applied to the
sample W on the stage 11 by the objective lens 27. In this
event, the shot position of the electron beam B on the sample
W placed on the stage 11 can be changed by the secondary
deflector 28 and the primary deflector 29.

The controller 3 includes a writing data storage unit 3a
configured to store writing data, a shot data generation unit
354 configured to generate shot data by processing the writing
data, and a writing control unit 3¢ configured to control the
writing unit 2. Note that the shot data generation unit 35 and
the writing control unit 3¢ may be configured with hardware
such as electric circuits or software such as programs for
executing each function, or may be configured by a combi-
nation of both.

The writing data storage unit 3¢ is a storage unit config-
ured to store writing data for writing a pattern on the sample
W. This writing data is data obtained by converting layout
data created by a semiconductor integrated circuit designer
or the like into the format supported by the charged particle
beam writing apparatus 1 so that the layout data can be
inputted to the charged particle beam writing apparatus 1,
and the writing data is inputted from an external device to
the writing data storage unit 3¢ and stored therein. For
example, a magnetic disk device, a semiconductor disk
device (flash memory), or the like can be used as the writing
data storage unit 3a.

Here, the layout data described above usually includes
many minute patterns (such as figures), and is fairly heavy.
Thus, if this layout data is directly converted into another
format, the amount of data after the conversion increases
even more. For this reason, the writing data is reduced in its
data amount by a method such as data stratification or array
display of patterns. For example, the writing data is stratified
into a chip layer, a frame layer under the chip layer, a block
layer under the frame layer, a cell layer under the block
layer, and a graphics layer under the cell layer (stratum
structure).

The shot data generation unit 35 divides a writing pattern
defined by the writing data into multiple stripe regions
(whose long side is along the X direction, and short side is
along the Y direction), and further divides each of the stripe
region into many sub regions in matrix. In addition, the shot
data generation unit 35 generates shot data by determining
the shape, size, position, or the like of a graphic in each of
the sub regions, and if the graphic cannot be written with a
single shot, dividing the sub region into multiple partial
regions each of which can be written with one shot. Note that
the length of the short side (in the Y direction) of each stripe
region is set to a length which allows the electron beam B
to be deflected by primary deflection.

To write the above-described writing pattern, the writing
control unit 3¢ write a graph by, while moving the stage 11
along the long side of the stripe region (X direction), placing
the electron beam B on the sub region by using the main
deflector 29 and shooting the electron beam B to a prede-
termined position on the sub region by using the secondary
deflector 28. Once writing on one stripe region is completed,
the writing control unit 3¢ moves the stage 11 in the Y
direction by a step to write on the next stripe region. By
repeating this, writing with the electron beam B is performed
on the entire writing region on the sample W (an example of
writing operation). Since the stage 11 is continuously mov-
ing in one direction during the writing, a writing origin on
the sub region is tracked by the primary deflector 29 so that
the writing origin follows the movement of the stage 11.
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In this way, the irradiation position of the electron beam
B is determined while the electron beam B is deflected by
the secondary deflector 28 and the primary deflector 29 and
follows the stage 11 moving continuously. Moving the stage
11 continuously in the X direction and causing the shot
position of the electron beam B to follow the movement of
the stage 11 allow reduction in writing time. Although the
stage 11 is moved continuously in the X direction in this
embodiment, the present invention is not limited to this. For
example, a step-and-repeat writing method may be
employed, in which writing for one sub region is performed
with the stage 11 being stopped, and writing is not per-
formed during movement to the next sub region.

Next, a description is given of the aperture unit (aperture
holder) 31 incorporating the above-described second aper-
ture 26.

As shown in FIGS. 3 and 4, the aperture unit 31 includes
an aperture holder 32, a main unit body 33 fitted inside the
holder 32, multiple unit retaining members 34 configured to
retain the main unit body 33, and multiple fixing members
35 each configured to fix a corresponding one of the unit
retaining members 34 to the holder 32.

The holder 32 is formed by a plate-shaped holder base 32a
and an annular holder ring 3256 provided on the holder base
32a. The holder base 324 has an opening portion 41 through
which the electron beam B passes. A material usable for the
holder base 32a and the holder ring 325 is, for example,
titanium or the like.

The holder 32 is formed to be able to be detachably
attached to a predetermined position in the optical lens
barrel 2b. Thereby, the aperture unit 31 is capable of being
attached or detached along with the holder 32 by a special
jig. The holder 32 can be replaced without being dismantled
into parts if the columns such as the writing chamber 2a and
the optical lens barrel 25 are under an atmospheric pressure.

Here, as shown in FIG. 5, a surface of the holder base 32a,
i.e., the support surface thereof supporting the main unit
body 33, has multiple (three in FIG. 5) grooves 42 which are
V-shaped in section. Each of these grooves 42 is provided
with a heat insulation ball 43 movable along the groove 42.
Thus, the holder base 324 supports the main unit body 33 at
three points (point contact). A material usable for the heat
insulation balls 43 is one having lower thermal conductivity
than other members, for example, zirconia, silicon nitride, or
the like.

Referring back to FIGS. 3 and 4, the main unit body
includes the second aperture 26 described earlier, an aper-
ture base 33a, an aperture reinforcement plate 3354, an
aperture beam tube 33c¢, a heater 33d, a heater retaining ring
33e¢, multiple heat insulation balls 33f, heater retaining
members 33g, and fixing members 334.

The aperture base 33a is formed into a columnar-box
shape which is open at its upper portion, and has, at its
bottom surface, an opening portion 51 through which the
electron beam B passes. Multiple (e.g., three) hole portions
52 are formed at a lower surface of the aperture base 33a,
i.e., a surface on the holder base 32a side. The hole portions
52 are placed above the respective heat insulation balls 43 on
the holder base 32a and thereby provided on these heat
insulation balls 43. Thus, the main unit body 33 is supported
at three points by the heat insulation balls 43 (point contact).
A material usable for the aperture base 33aq is, for example,
titanium or the like.

The aperture reinforcement plate 335 has an opening
portion 53 through which the electron beam B passes, and is
provided on an upper surface of the bottom portion of the
aperture base 33a, i.e., a surface on the opposite side from
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the holder base 32a. This aperture reinforcement plate 335
is a plate member for reinforcing the second aperture 26. A
material usable for the aperture reinforcement plate 335 is
one which does not cause charge-up of the electron beam B
and which has thermal conductivity close to that of the
second aperture 26, for example, molybdenum, tungsten, or
the like.

The aperture beam tube 33¢ is formed into a tubular shape
having an opening portion 54 through which the electron
beam B passes, and provided on an upper surface of the
second aperture 26. The aperture beam tube 33¢ is formed by
a tube portion and a flange portion. The aperture beam tube
33¢ functions as a thermally-conductive member having
thermal conductivity, and transmits heat produced by the
heater 334 to the second aperture 26. A material usable for
the aperture beam tube 33c¢ is one which does not cause
charge-up of the electron beam B and which has thermal
conductivity close to that of the second aperture 26, for
example, molybdenum, tungsten, or the like.

The heater 33d is formed into a ring shape to be fitted
around the tube portion of the aperture beam tube 33¢, and
is provided on the flange portion while being fitted around
the tube portion of the aperture beam tube 33¢. For example,
a ceramic heater, a polyimide heater, or the like can be used
as the heater 334.

As shown in FIG. 6, the heater 334 has a single heating
wire 55 inside. The heating wire 55 is laid along the ring
shape of the heater 334, and this wire pattern is symmetrical
with respect to a straight line passing through a center O1 of
the opening portion 26a of the second aperture 26. The
heater 334 is formed by, for example, printing the heating
wire 55 on either one of two insulating alumina plates and
attaching these alumina plates together. Various materials
other than the alumina plates can also be used for the heater
33d, including polyimide and the like.

Referring back to FIGS. 3 and 4, the heater retaining ring
33e is formed into a ring shape to be fitted around the tube
portion of the aperture beam tube 33c¢, and is provided on the
heater 334 while being fitted around the tube portion of the
aperture beam tube 33c. The heater retaining ring 33e
functions as a heater retaining block. A material usable for
the heater retaining ring 33e is, for example, titanium or the
like.

Multiple (two in FIG. 4) hole portions 56 are formed at an
upper surface of the heater retaining ring 33e. These hole
portions 56 are provided at symmetrical positions with
respect to the center of the opening portion 54 of the aperture
beam tube 33c¢. In addition, multiple (e.g., three) hole
portions 57 are formed at portions of an upper surface of the
aperture base 33a which are one step lower than its other
portion. The portions at which the hole portions 57 are
respectively formed are provided at equal intervals.

The heat insulation balls 33f are provided individually in
the hole portions 56 on the heater retaining ring 33e and the
hole portions 57 on the aperture base 334, respectively. Each
of these heat insulation balls 33fis fitted in a corresponding
one of the hole portions 56 and the hole portions 57. A
material usable for the heat insulation balls 33fis one having
lower thermal conductivity than other members, for
example, zirconia, silicon nitride, or the like.

Each of the heater retaining members 33g is formed into
an L shape (see FIG. 3). Each heater retaining member 33g
is fixed, at its both ends, to the upper surface of the aperture
base 33a by two of the fixing members 33/%. Then, with its
middle portion, the heater retaining member 33g retains the
heat insulation ball 33/ on the heater retaining ring 33e
(point contact). For example, plate springs or the like can be
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used as the heat retaining members 33g, and a material
usable for the heat retaining members 33g is, for example,
titanium or the like. For example, bolts can be used as the
fixing members 334.

Each unit retaining member 34 is formed into a rectan-
gular plate shape (see FIG. 3). By the fixing member 35, the
unit retaining member 34 is fixed, at one end, to a portion of
the upper surface of the holder ring 325 which is one step
lower than its other portion. Then, the unit retaining member
34 retains the heat insulation ball 33f on the aperture base
33a with the other end thereof (point contact). For example,
plate springs or the like can be used as the unit retaining
members 34, and a material usable for the unit retaining
members 34 is, for example, titanium or the like. For
example, bolts can be used as the fixing members 35.

Next, a description is given of writing operation (writing
process) performed by the above charged particle beam
writing apparatus 1. The writing control unit 3¢ of the
charged particle beam writing apparatus 1 executes the
writing process, namely, the following steps.

As shown in FIG. 7, the second aperture 26 is heated (Step
S1), and it is determined whether the temperature of the
second aperture has reached a predetermined temperature
(e.g., 200° C.) or not (Step S2). This determination on
whether the temperature of the second aperture 26 has
reached a predetermined temperature or not is made based
on time passed since start of the heating because it is found
in advance how long it takes for the second aperture 26 to
reach the predetermined temperature. This determination
may be based not only on time, but also on the temperature
of the second aperture 26 measured.

If it is determined in Step S2 that the temperature of the
second aperture 26 has reached the predetermined tempera-
ture (YES in Step S2), writing is started (Step S3). Next, the
temperature of the second aperture 26 is maintained at the
above predetermined temperature (Step S4), and it is deter-
mined whether the writing is completed (Step S5). If it is
determined that the writing is completed (YES in Step S5),
the writing is stopped (Step S6).

In this writing process, in Step S1, currents are supplied
to the heating wire 55 of the heater 334 in response to the
control by the writing control unit 3¢. The heating wire 55
thereby produces heat, and the heat produced is supplied to
the second aperture 26 from the heater 334 via the aperture
beam tube 33¢. This heats the second aperture 26 up to a
predetermined temperature. Thereafter, in Step S4, the sec-
ond aperture 26 continues to be heated while the writing is
being performed, so as to maintain the predetermined tem-
perature. Note that the second aperture 26 continues to be
heated up after the writing is completed if the next writing
is to be executed, or the second aperture 26 is stopped being
heated if the next writing will not be performed for a long
time, for example, if the production is finished.

In such a charged particle beam writing apparatus 1, the
first aperture 23 is irradiated with the electron beam B at its
entire opening portion 23a, and therefore maintains a certain
temperature. Thus, even a long time of use causes little
contamination on the opening portion 23a. In contrast, as for
the second aperture 26, the position irradiated with the
electron beam B changes depending on the shape of a pattern
to be written. Further, when the electron beam B is blanked,
i.e., when the electron beam B is applied to the first aperture
23 50 as not to pass through the opening portion 23a thereof,
the electron beam B does not reach the second aperture 26.
In such a case, the temperature of the second aperture 26 is
reduced, making contamination likely to occur.
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For this reason, the above-described structure of the
aperture unit 31, or more specifically, the structure in which
the second aperture 26 is heated by the heater 334 through
the aperture beam tube 33c¢, allows the second aperture 26 to
be heated to maintain a temperature of several-hundred
degrees (e.g., 200° C.) and thus allows the opening portion
26a of the second aperture 26 to suffer less contamination.

A material usable for the aperture reinforcement plate 336
and the aperture beam tube 33¢ which sandwich and hold the
second aperture 26 is molybdenum having a coefficient of
thermal expansion close to that of the second aperture 26
made of silicon. This way, the second aperture 26 can be
prevented from breaking while being heated.

Moreover, the second aperture 26 continues to be heated
during writing to maintain a predetermined temperature
(e.g., 200° C.). This ensures prevention of attachment of
contaminants to the opening portion 26a of the second
aperture 26 during writing, and therefore prevents the shape
or size of the electron beam B from changing. Further, since
the thermal expansion of the members such as the second
aperture 26, the aperture reinforcement plate 335, and the
aperture beam tube 33¢ are maintained constant during the
writing, the second aperture 26 being heated can be pre-
vented from breaking due to the change in thermal expan-
sion.

Since a large amount of current is needed to bring the
temperature of the second aperture 26 to several hundred
degrees (e.g., 200° C.), a magnetic field produced here is
also large. Thus, the electron beam B might be affected by
this magnetic field and deflect, displacing the writing posi-
tion. For this reason, it is preferable to supply the second
aperture 26 with an increased amount of heat so that the
current supplied to the heater 334 can be as small an amount
as possible. Thus, the employment of the structure in which
the second aperture 26 is heated by the heater 334 via the
aperture beam tube 33c¢ can increase the area of contact
between the heater 334 and the aperture beam tube 33¢ and
also the area of contact between the aperture beam tube 33¢
and the second aperture 26 as much as possible. This enables
an increase in the amount of heat supplied to the second
aperture 26; therefore, the amount of current supplied to the
heater 334 can be reduced even if that means a decrease in
the amount of heat produced by the heater 334.

An insulating ceramic heater can be used as the heater
33d. The heater 33d is surrounded by metal components
therearound, such as the aperture beam tube 33¢ and the
heater retaining ring 33e. This allows prevention of beam
drift due to charge-up of the heater 334. Moreover, since the
heating wire 55 of the heater 334 is laid into a pattern
symmetrical with respect to the straight line passing through
the center O1 of the opening portion 26a of the second
aperture 26, a magnetic field produced by the heating wire
55 is cancelled out, preventing the electron beam B from
deflecting due to the magnetic field.

The main unit body 33 is preferably thermally insulated
from its surroundings so that the temperature of the second
aperture 26 can be easily increased to a necessary tempera-
ture (e.g., 200° C.). For this reason, the heat insulation balls
43 made of zirconia can be used as the above-described
external-contact portions of the main unit body 33. This way,
the contact between the main unit body 33 and the outside
is accomplished by point contact, and therefore the area of
contact is small, allowing the temperature of the second
aperture 26 to easily increase to a high temperature of about
200° C.

As described thus far, according to this embodiment, the
heater 33d provided supplies heat to the second aperture 26
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via the aperture beam tube 33¢. Thereby, the second aperture
26 is supplied with heat produced by the heater 33d via the
aperture beam tube 33¢ and is heated. This can prevent
contaminants from being attached to the opening portion
26a of the second aperture 26, which prevents the electron
beam B from changing in its shape or size due to contami-
nation on the aperture. As a result, decrease in the writing
precision can be prevented.

In particular, since the heater 334 supplies heat to the

5

second aperture 26 via the aperture beam tube 33c¢, the 10

aperture beam tube 33¢ functions as a thermally conductive
member, and the area of contact between the aperture beam
tube 33¢ and the second aperture 26 can be made large. For
this reason, the amount of heat supplied to the second
aperture 26 can be increased to reduce the amount of current
to be supplied to the heater 334. This allows the temperature
of'the second aperture 26 to be brought to a high temperature
(e.g., 200° C.) while the electron beam B is prevented from
deflecting by being affected by the magnetic field produced
by the heater 334d. This can ensure prevention of attachment
of contaminants to the opening portion 26a of the second
aperture 26. In addition, the degree of design freedom in the
size, position, or the like of the heater 334 is improved,
compared to a case where a heater (heating wire) is provided
directly on the second aperture 26. For this reason, the
amount of heat produced by the heater 33d can be increased
while minimizing the amount of current to be passed to the
heater 334d.

Moreover, since the second aperture 26 and the heater 334
are spaced from each other and not in direct contact with
each other by the aperture beam tube 33c¢, currents for the
heater 334 do not flow through the second aperture 26.
Hence, no current flows through the second aperture 26 to
produce a magnetic field. This allows prevention of the
electron beam B deflecting due to such a magnetic field and
causing shifting of the writing position. As a result, decrease
in the writing precision can be prevented.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:

1. A charged particle beam writing apparatus comprising:

a beam emitter configured to emit a charged particle

beam;

an aperture having an opening portion through which the

charged particle beam emitted by the beam emitter
passes;

a thermally conductive member provided on a surface of

the aperture and having thermal conductivity; and

a heater provided on a surface of the thermally conductive

member and configured to supply heat to the aperture
via the thermally conductive member.

2. The charged particle beam writing apparatus according
to claim 1, further comprising an aperture reinforcement
plate provided on a surface of the aperture which is opposite
to the surface on which the thermally conductive member is
provided, the aperture sandwiched between the aperture
reinforcement plate and the thermally conductive member.
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3. The charged particle beam writing apparatus according
to claim 1, wherein

the heater incorporates a heating wire configured to

produce heat, and

the heating wire is laid into a pattern symmetrical with

respect to a straight line passing through a center of the

opening portion.

4. The charged particle beam writing apparatus according
to claim 1, wherein

the thermally conductive member is formed into a tubular

shape having an opening portion through which the

charged particle beam passes and has a tube portion and

a flange portion, and

the heater is formed into a ring shape to be fitted around

the tube portion of the thermally conductive member,

and is provided on the flange portion of the thermally
conductive member while being fitted around the tube
portion of the thermally conductive member.

5. The charged particle beam writing apparatus according
to claim 4, further comprising a heater retaining block
formed into a ring shape to be fitted around the tube portion
of the thermally conductive member, and is provided on the
heater while being fitted around the tube portion of the
thermally conductive member.

6. The charged particle beam writing apparatus according
to claim 1, further comprising:

a main unit body including the aperture, the thermally

conductive member, and the heater;

a holder accommodating the main unit body;

a plurality of unit retaining members provided to the

holder and configured to retain the main unit body; and

a plurality of heat insulation balls each being provided

between the main unit body and a corresponding one of

the plurality of unit retaining members.

7. The charged particle beam writing apparatus according
to claim 6, further comprising a plurality of heat insulation
balls provided between a bottom surface of the main unit
body and the holder.

8. The charged particle beam writing apparatus according
to claim 6, wherein

the main unit body further includes a heater retaining

block provided on the heater, and

the apparatus further comprises:

a plurality of heater retaining members provided to the
main unit body and configured to retain the heater
retaining block; and

aplurality of heat insulation balls provided between the
heater retaining block and a corresponding one of the
plurality of heater retaining members.

9. The charged particle beam writing apparatus according
to claim 7, wherein

the main unit body further includes a heater retaining

block provided on the heater, and

the apparatus further comprises:

a plurality of heater retaining members provided to the
main unit body and configured to retain the heater
retaining block; and

aplurality of heat insulation balls provided between the
heater retaining block and a corresponding one of the
plurality of heater retaining members.

10. The charged particle beam writing apparatus accord-
ing to claim 1, further comprising:

a main unit body including the aperture, the thermally

conductive member, the heater, and a heater retaining

block provided on the heater;
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a plurality of heater retaining members provided to the
main unit body and configured to retain the heater
retaining block; and

a plurality of heat insulation balls provided between the
heater retaining block and a corresponding one of the
plurality of heater retaining members.

11. An aperture unit comprising:

an aperture having an opening portion through which a
charged particle beam passes;

a thermally conductive member being provided on a
surface of the aperture and having thermal conductiv-
ity; and

a heater provided on a surface of the thermally conductive
member and configured to supply heat to the aperture
via the thermally conductive member.

12. The aperture unit according to claim 11, further
comprising an aperture reinforcement plate provided on a
surface of the aperture which is opposite to the surface on
which the thermally conductive member is provided, the
aperture sandwiched between the aperture reinforcement
plate and the thermally conductive member.

13. The aperture unit according to claim 11, wherein

the heater incorporates a heating wire configured to
produce heat, and

the heating wire is laid into a pattern symmetrical with
respect to a straight line passing through a center of the
opening portion.

14. The aperture unit according to claim 11, wherein

the thermally conductive member is formed into a tubular
shape having an opening portion through which the
charged particle beam passes and has a tube portion and
a flange portion, and

the heater is formed into a ring shape to be fitted around
the tube portion of the thermally conductive member,
and is provided on the flange portion of the thermally
conductive member while being fitted around the tube
portion of the thermally conductive member.

15. The aperture unit according to claim 14, further

comprising a heater retaining block formed into a ring shape
to be fitted around the tube portion of the thermally con-

12

ductive member, and is provided on the heater while being

fitted around the tube portion of the thermally conductive

member.
16. The aperture unit according to claim 11, further
5 comprising:

a main unit body including the aperture, the thermally

conductive member, and the heater;

a holder accommodating the main unit body;

a plurality of unit retaining members provided to the

holder and configured to retain the main unit body; and

a plurality of heat insulation balls each being provided

between the main unit body and a corresponding one of
the plurality of unit retaining members.

17. The aperture unit according to claim 16, further
comprising a plurality of heat insulation balls provided
between a bottom surface of the main unit body and the
holder.

18. The aperture unit according to claim 16, wherein

the main unit body further includes a heater retaining

10

20 block provided on the heater, and
the aperture unit further comprises:
a plurality of heater retaining members provided to the
main unit body and configured to retain the heater
25 retaining block; and
aplurality of heat insulation balls provided between the
heater retaining block and a corresponding one of the
plurality of heater retaining members.
19. The aperture unit according to claim 11, further
5o Somprising:

a main unit body including the aperture, the thermally
conductive member, the heater, and a heater retaining
block provided on the heater;

a plurality of heater retaining members provided to the
main unit body and configured to retain the heater
retaining block; and

a plurality of heat insulation balls provided between the
heater retaining block and a corresponding one of the
plurality of heater retaining members.

35

#* #* #* #* #*



